The authors confirm that all data underlying the findings are fully available without restriction. All relevant data are within the paper and its Supporting Information files.

Introduction {#s1}
============

Recently, controversy has evolved concerning highly-priced drugs like ipilimumab with marginal benefit. Ipilimumab is approved for the treatment of metastatic melanoma, shows frequent side effects, a low response rate of 10--15% and a prolonged median overall survival by 2.1 months [@pone.0111237-Hodi1], [@pone.0111237-Tarhini1] compared to standard chemotherapy dacarbazine (DTIC) and a higher percentage of survival beyond 2 years [@pone.0111237-Robert1], [@pone.0111237-Farolfi1] with some long-lasting responses [@pone.0111237-Prieto1]. Furthermore, these survival benefits come at unprecedented costs, i.e. with around €110'000 for the drug alone per treatment with ipilimumab as compared to €11'000 for a treatment cycle of DTIC. Moreover, ipilimumab frequently causes severe immune-related side effects including colitis, hepatitis, hypophysitis and various other side effects [@pone.0111237-Voskens1]. Another therapy option in patients with metastatic melanoma is palliative care which ensures maximum symptom relief and psychosocial support but mostly excludes tumor therapy. Palliative care can improve advanced cancer patients\' quality of life and reduce pain by up to 71% [@pone.0111237-Bisht1]. According to a study a specialized inpatient palliative care with complex treatment for at least 21 days costs about €2'604 (reimbursement according to insurance companies payments; DRG version 2014).

The cost-benefit discussion among physicians is important since they have to decide over the value of each treatment for the individual patient considering side effects vs. response or prolongation of survival. Furthermore, there is also some financial responsibility for society that has to be taken into account. The cost burden of high-priced cancer drugs with marginal benefit is increasingly being criticized [@pone.0111237-Fojo1]. The drug cost only excluding laboratory costs or consultations for one melanoma patient benefiting from ipilimumab would be as high as €1.1 million, due to an estimated response rate of 10%. The cost of health care for cancer patients in the EU in 2009 amounted to €51 billion and contributes 40% of the total costs caused by cancer [@pone.0111237-LuengoFernandez1]. In general, costs for cancer care account for an increasing proportion of global spending on health care [@pone.0111237-Bosanquet1]. It is important to consider whether restrictions in the use of other health care technologies or additional health care funding will have to be introduced in order to pay for the new costly treatments [@pone.0111237-Ramsey1].

Interestingly, individuals have different approaches in taking risks or chances. Consequently, depending on the individual a small chance of a long-term survival or an average survival prolongation of 2 months can be more appealing. The value of the therapy for the patient is difficult to assess. In the broader context the value of a therapy is characterized differently by different stakeholders [@pone.0111237-Ramsey1]. The Pharmaceutical Research and Manufacturers Association (PhRMA) representing innovative biopharmaceutical research and discovery companies states that the value of medicine also depends on the reduction in other health care costs and better quality of life while the Pharmacy Benefits Advisory Committee, an independent expert body including health professionals/economists, doctors and consumer representatives that advises the Australian government on drug reimbursement considers affordability an important factor for the value of a drug [@pone.0111237-Ramsey1]. The European Observatory on Health Systems and Policies, a governmental and WHO partnership, takes into account the product acceptability. According to these criteria drugs like ipilimumab would most probably not be highly valued. An important approach to assess these factors is including evaluations of costs and quality of life along with clinical endpoints, such as survival in clinical trials which is currently being done in the context of an ongoing clinical study. Nevertheless, physicians\' willingness to initiate cancer therapy and spend additional health care resources is often, as in the case of ipilimumab, tied to an uncertain outcome [@pone.0111237-Mullins1].

Factors that influence a cancer patient\'s willingness to accept a therapy with a high probability of side effects in hope for a longer survival are not always tied to the outcome data or only treatment-related determinants such as the health benefit and toxicity, but also individual factors such as the patient\'s physical and mental condition [@pone.0111237-Hurley1]. Patients and physicians update their perceptions of the benefits and harms of a therapy as well as the level of uncertainty based on their own clinical experiences and individual assessment of treatments and their outcomes. Yet, patients\' ability to understand probabilities of survival and side effects depend on their health numeracy skills, that are needed to understand medical numerical or statistical data and to use the information for decision-making [@pone.0111237-Mullins1]. This results in differences in the preferences of patients and physicians concerning different treatments [@pone.0111237-Stiggelbout1].

This questionnaire-based study aimed to investigate the attitudes of physicians, healthy controls and melanoma patients towards ipilimumab, as an example for a high-priced drug with marginal benefit with regard to willingness to pay and acceptance of adverse events for a longer survival. We could show that patients prefer a longer survival regardless of side effects, response rates and price, in contrast to physicians who mostly do not accept side effects and a poor cost-benefit ratio.

Materials and Methods {#s2}
=====================

Hypotheses were generated within a focus group organized at the Department of Dermatology at the University Hospital of Erlangen. Participants included a melanoma patient, a relative of a patient, a palliative care specialist, an oncologist, a dermatologist, a medical ethics specialist, a surgeon experienced in care of oncological patients and two representatives of the Department of quality management, who deal with patient affairs. Participants were chosen to represent the different sectors involved in dealing with melanoma patients and to investigate different points of view. The participants were informed about the intention of our study, and invited in person and by email by the hosts (LH and RK).The questions included (i) whether the new drug should be applied as frequently as possible, (ii) which criteria were crucial for its recommendation, (iii) whether palliative medicine was an alternative, and (iv) whether higher costs were acceptable. With regard to prevention (v) prioritization of resources was discussed as a more cost effective means to decrease mortality. Participants were encouraged to bring forward their opinions and arguments for each topic. After the session, the statements were analyzed. The discussion was chaired by a private lecturer and senior dermatologist (LH) and documented by the first author (RK). Based on findings from the focus group and from literature three different questionnaires were designed for patients, healthy respondents and physicians and pretested. Pretests showed that patients had difficulties answering the life expectancy questions which led to adjustments for the final questionnaires. In total, 90 individuals participated in the survey with 30 respondents in each group group ([File S1](#pone.0111237.s001){ref-type="supplementary-material"}: Questionnaires for healthy participants, melanoma patients and health care providers).

Ethics statement {#s2a}
----------------

Written ethical approval was obtained for both the focus group and the survey from the ethics commission of the medical faculty of the "Friedrich-Alexander-Universität Erlangen-Nürnberg". Oral informed consent, has been obtained from the participants, as the data were analyzed and reported anonymously.

Recruitment of the respondents {#s2b}
------------------------------

Outpatients and inpatients in the Department of Dermatology at the University Hospital Erlangen were asked to participate during the consultation. Patients who were considered unstable were excluded from the study in order not to confront them with difficult questions. Patients receiving their melanoma diagnosis for the first time or being informed about a worsening of their disease were also excluded. The sample of the healthy respondents was chosen to match age, gender and socioeconomic status of the patients. The questionnaires for the physicians were handed out in the Department of Palliative care, in the Department of Dermatology, in the Department of Hematooncology and to internal specialists and collected in drop-off boxes. In addition, two medical practices treating oncological patients participated in the study.

Setting {#s2c}
-------

Patients were assured that the answers would have no influence on their own therapy decision in any way and explained that the questions were merely hypothetical. Additionally, the interviewer was completely independent from the melanoma care team. The patients were explicitly told that their contribution would be anonymous and all data would be analyzed and published anonymously. Although the interviewer was present during the survey, the questionnaires could not be traced back to individual persons. Questions concerning the questionnaire were allowed. The patients were able and encouraged to talk about their feelings concerning the questionnaire at any time. They could also stop answering the questionnaire at any time if they felt uncomfortable or overstrained. All patients were seen by a physician independent of the study after completion of the questionnaire.

Structure of the Questionnaires {#s2d}
-------------------------------

In order to be able to compare the answers of patients and healthy respondents towards melanoma therapies, a common starting point was essential, meaning a determined state of health to which they were supposed to refer, when considering the questions. Thus, all respondents were confronted with a case example in which they should take the position of an advanced melanoma patient. The physicians were additionally asked to hypothetically treat the melanoma patient described in the case example.

The personal preferences for quality or quantity of life were assessed by asking to choose between two different therapy options with one allowing for a survival gain, but entailing worse side effects and the other a better quality of life. This was intended to be a trade-off between quality and length of life. The willingness to pay for a therapy that would possibly prolong life, but was likely to induce side effects, was examined by asking the respondents three times with decreasing sums if they would prefer ipilimumab or receiving the respective amount of money in cash. Moreover, the respondents had to choose on a five-point Likert scale from 0-4 (0 "I absolutely disagree", 1 "I disagree", 2 "I am undecided", 3 "I agree", 4 "I absolutely agree") the most appropriate answer to statements that were partly inspired and adopted from the main arguments of a focus group discussion.

Parameters assessed within all three questionnaires included age, gender, children, family status, socioeconomic status and importance of belief ([Table 1](#pone-0111237-t001){ref-type="table"}). Belief was measured on a four-point Likert scale from 0-3. In cancer patients we assessed if they had metastases or not. The physicians were grouped according to their status as a resident or consultant, their employment and their experience in cancer treatment measured in number of cancer patients per year and years of oncological practice.

10.1371/journal.pone.0111237.t001

###### Characteristics of the study groups.

![](pone.0111237.t001){#pone-0111237-t001-1}

  Characteristics                                Study groups                                                         
  --------------------------------- --------------------------------------- ----------------------------------------- ----------------------------------------------------------------------------
  Gender                                                                                                              
  Male                                             67% (20)                                 50% (15)                                                    47% (14)
  Female                                           33% (10)                                 47% (14)                                                    53% (16)
  Age                                                                                                                 
  Range                                          25--87 years                             19--90 years                                                28--52 years
  (Median)                                       (57,5 years)                             (52,5 years)                                                 (37 years)
  Family status                                                                                                       
  Alone                                             7% (2)                                   20% (6)                                                    20% (6)
  With partner                                     53% (16)                                 40% (12)                                                    40% (12)
  With partner and child                            27% (8)                                  27% (8)                                                    37% (11)
  Single parent                                     7% (2)                                   0% (0)                                                      3% (1)
  With others                                       3% (1)                                   10% (3)                                                     0% (0)
  Children                                                                                                            
  Yes                                              80% (24)                                 60% (18)                                                    37% (11)
  No                                                17% (5)                                 33% (10)                                                    63% (19)
  Dependents                                                                                                          
  Yes                                              33% (10)                                  13% (4)                                       NA[1](#nt101){ref-type="table-fn"}
  None                                             57% (17)                                 80% (24)                                                       NA
  Belief                                                                                                              
  None                                              13% (4)                                  27% (8)                                                    33% (10)
  Little                                            20% (6)                                  23% (7)                                                    27% (8)
  Medium                                           40% (12)                                 33% (10)                                                    20% (6)
  High                                              23% (7)                                  13% (4)                                                    20% (6)
  Education                                                                                                           
  None                                              3% (1)                                   3% (1)                   
  Apprenticeship                                   43% (13)                                 40% (12)                  
  Master/technical college degree                   20% (6)                                  27% (8)                  
  University degree                                 30% (9)                                  27% (8)                   100% (30; for details see [Table 2](#pone-0111237-t002){ref-type="table"})
  Employment                                                                                                          
  Employee                                         43% (13)                                 37% (11)                                                    87% (26)
  Self-employed/                                    10% (3)                                  20% (6)                                                     7% (2)
  Other                                            40% (12)                                 40% (12)                  
  Net income per month                                                                                                
  Mean (**median**)                  500--1000 Euros (**500--1000 Euros**)   3500--5000 Euros (**3500--5000 Euros**)                                       NA
  Metastases                                                                                                          
  Yes                                              53% (16)                                    NA                                                          NA
  No                                               40% (12)                                                           

NA =  not assessed.

Statistical analysis {#s2e}
--------------------

For the statistical analysis of the questions the statistics program R version 2.15.2 was used. The correlations for ordinal data were calculated using the Spearman correlation coefficient using only complete cases. In this manner influencing factors on the given answers were examined. The associations including only ordinal data such as the questions with a Likert scale, age, income, work experience in years and number of patients were calculated using the linear by linear formula. For associations including non-ordinal data such as gender, family status, education, employment, medical department, the Chi^2^-test was used. The p-values in the figures were calculated using the Mann-Whitney-Wilcoxon-Test. If answers indicated a range of numbers, such as the years of experience with oncological patients or the number of oncological patients treated per year, the mean value was calculated.

The percentages indicated in the Results section exclude the missing data. Since the numbers were rounded it may occur that the sum of the numbers in the tables or figures may not exactly add up to 100%. If the Tables/Figures exclude "I absolutely agree" and "I absolutely disagree", the percentage was summarized in the respective column "I agree" and "I disagree".

Results {#s3}
=======

Within this study a total of 90 respondents answered a survey tailored to melanoma patients, healthy respondents, and health care providers on valuation of a new treatment option, the anti-CTLA4-antibody ipilimumab, with marginal benefit, i.e. a low response rate, frequent side effects and a modest prolongation of median overall survival of 2 months. The effectiveness, side effects and costs of treatment with ipilimumab were illustrated and compared with standard treatment (chemotherapy with dacarbazine without effectiveness on overall survival), palliative care and prevention programs. Facts on the different treatment options were presented and respondents had to weigh life prolongation and quality of life and indicate their preferences for themselves and what they would recommend to others. In addition, the willingness to pay for different therapy or prevention options was assessed. Furthermore, attitudes and variables that influenced the respondents\' preferences and decisions were evaluated. Of the distributed 100 questionnaires a total of 90 (90%) was recollected. 44 percent of respondents were female and the median age was 46 years. In [Table 1](#pone-0111237-t001){ref-type="table"} and [2](#pone-0111237-t002){ref-type="table"} characteristics of respondents and health care providers are represented.

10.1371/journal.pone.0111237.t002

###### Characteristics of the health care providers.
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  Characteristics                          Health care providers (n = 30)
  --------------------------------------- --------------------------------
  Specialty                               
  dermatology                                         37% (11)
  oncology                                            23% (7)
  palliative care                                     17% (5)
  others                                              23% (7)
  Education                               
  residents                                           40% (12)
  senior physician                                    60% (18)
  Oncological experience                  
  range                                             1--23 years
  (mean)                                             (8 years)
  (median)                                           (7 years)
  Oncological patients treated per year   
  range                                        0--1000 patients/year
  (mean)                                        (211 patients/year)
  (median)                                       (85 patients/year)

General preferences on quality of life vs. length of life time {#s3a}
--------------------------------------------------------------

We hypothetically suggested people could pay for an end of life free of disease if they sacrificed on the length of lifetime (for specific questions view in supplemental materials questionnaire; question  =  q. 3). Overall, respondents were willing to renounce a mean of 11 years and a median of 3.5 years, if they could live in perfect health until the end of their life. Respondents commented however, that the renunciation on life years in exchange for a disease free end of life depended heavily on the severity and quality of symptoms you might otherwise suffer. Specifically, patients were prepared to renounce on a mean of 3 life years, while healthy people were prepared to renounce on 4 life years and physicians on 5 life years for perfect health until the end of life. The willingness to renounce on life years for health care providers was independent of the specialty of the health care providers (p-value = 0.52). Interestingly, this tendency was even more accentuated when this scenario became reality. Patients were the most prepared to accept side effects for a longer survival, whereas physicians were the most reluctant towards side effects with 44%, 26% and 17% of patients, healthy respondents and health care providers preferring moderate side effects and longer survival (16 weeks) to mild side effects and shorter survival (8 weeks; [Figure 1A](#pone-0111237-g001){ref-type="fig"}). These options were modeled to reflect real therapy characteristics with chemotherapy (dacarbazine) or ipilimumab, respectively (q. 4). When the survival gain was only one week these numbers were 19%, 19%, and 3% opting for longer survival in patients, healthy respondents and health care providers, respectively. When asked if they would prefer to live 4 months with medium severe side effects to 3 months free of symptoms in palliative care, one third of patients would rather live one month longer than have a higher quality of life at the end of their life. Still almost one quarter of the healthy group would choose the more intensive treatment for one month more whereas physicians were the most adverse towards the intensive therapy and favored palliative care in 90%. When asked about acceptance of a therapy no matter how severe the side effects might be if it would improve survival (q. 21) again patients were more prepared to take the risk (38%) as opposed to physicians with 3% and healthy respondents with 17%. Only 28% of the patients were reluctant to accept all possible side effects. The older the patients, the less likely they were willing to undergo treatment regardless of side effects (Spearman correlation coefficient  = -0.29; q. 21). Yet, we found that being parents was not associated with the acceptance of side effects for a longer survival (p-value = 0.34). More striking was the finding that even when no survival gain was offered by treatment still almost one third of melanoma patients were willing to undergo chemotherapy, live 3 months and suffer mild side effects of the tumor therapy instead of living 3 months free of symptoms in palliative care while 4% and 10% of healthy respondents and health care providers favored chemotherapy in that setting, respectively ([Figure 1B](#pone-0111237-g001){ref-type="fig"}).

![Acceptance of side effects. (A) Acceptance of side effects for 8 weeks survival gain.\
Preference of 16 weeks survival with moderate side effects with ipilimumab vs. 8 weeks survival with mild side effects with chemotherapy in melanoma patients, healthy respondents and physicians. Preference significantly differed between melanoma patients and physicians. **(B)** **Acceptance of side effects due to chemotherapy compared to palliative care.** Preference of 3 months survival with mild side effects with chemotherapy vs. 3 months survival free of symptoms with palliative care in melanoma patients, healthy respondents and physicians. Preference significantly differed with melanoma patients accepting tumor therapy with no survival prolongation more frequently than healthy respondents or physicians. **(C)** **Acceptance of early palliative care.** Acceptance of early palliative care in melanoma patients, healthy respondents and physicians. Numbers were rounded, it may occur that the sum of the numbers in the table may not exactly add up to 100%.](pone.0111237.g001){#pone-0111237-g001}

Healthy respondents were more prepared to recommend ipilimumab than physicians. Physicians would not recommend ipilimumab in 87% compared to 44% of healthy respondents (q. 29). The physicians\' recommendation was not associated with the specialty of the health care provider (p-value = 0.65). Patients were the most willing to take the risk of an intensive treatment for a mere 1% chance of survival gain, whereas the physicians were the most reluctant towards this option ([Table 3](#pone-0111237-t003){ref-type="table"}, q. 13). The consent for therapy despite the low chance of a benefit was correlated with faith (Spearman correlation coefficient  = 0.10, q. 13), whereas the decision to recommend a therapy with 1% chance of a survival gain was not correlated with belief (Spearman correlation coefficient  = −0.05, q. 26; [Table 4](#pone-0111237-t004){ref-type="table"}) and independent from the department of the health care provider (p-value = 0.49). The physicians\' age was also not correlated with the willingness to accept ipilimumab for a mere 1% chance of a longer survival (Spearman correlation coefficient  = 0.00). Among patients age was inversely correlated with willingness to accept a 1% chance for a prolonged survival (Spearman correlation coefficient  = −0.11) i.e. older patients were less willing to take the risk. Likewise, older patients were the least willing to accept any side effects for a longer survival (Spearman correlation coefficient for age  = −0.29; [Table 4](#pone-0111237-t004){ref-type="table"}). Furthermore, physicians\' gender was not correlated with agreement to a therapy with 1% chance for a longer life (p-value = 0.96). Among patients there was neither an association between gender nor risk taking behavior and agreement with therapy (p-value = 0.63).

10.1371/journal.pone.0111237.t003

###### Findings on survey questions regarding attitudes to treatment options of different study groups (melanoma patients, healthy individuals, physicians).

![](pone.0111237.t003){#pone-0111237-t003-3}

                                                                                                                                                                                      I absolutely disagree   I disagree   I am undecided   I agree   I absolutely agree
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------- ------------ ---------------- --------- --------------------
  "If a therapy (new drug) could prolong my life, I would always **agree** to it regardless of the side effects." (q. 21)                                                                                                                            
  Melanoma patients (%)                                                                                                                                                                        10                 17             34           21              17
  Healthy respondents (%)                                                                                                                                                                      28                 45             10           14              3
  Physicians (%)                                                                                                                                                                               37                 50             10            3              0
  "I would **agree** to a hardly endurable treatment (ipilimumab) at any time, even if the probability of life prolongation was as little as one percent." (q. 13)                                                                                   
  Melanoma patients (%)                                                                                                                                                                        21                 31             24           14              10
  Healthy respondents (%)                                                                                                                                                                      48                 24             17           10              0
  Physicians (%)                                                                                                                                                                               47                 37             10            7              0
  "I would **recommend** a hardly endurable treatment (ipilimumab) at any time, even if the probability of life prolongation was as little as one percent." (q. 26)                                                                                  
  Healthy respondents (%)                                                                                                                                                                      25                 36             18           18              4
  Physicians (%)                                                                                                                                                                               63                 30             3             3              0
  "I would rather **recommend** ipilimumab than standard chemotherapy, since chemotherapy cannot prolong life." (q. 35)                                                                                                                              
  Healthy respondents (%)                                                                                                                                                                       4                 39             29           18              11
  Physicians (%)                                                                                                                                                                               10                 57             20           13              0
  "I would **offer** ipilimumab rather to younger patients than to older ones." (q. 39)                                                                                                                                                              
  Physicians (%)                                                                                                                                                                                7                 7              10           63              13
  "I would always apply ipilimumab if there is no contraindication." (q. 28)                                                                                                                                                                         
  Healthy respondents (%)                                                                                                                                                                      18                 29             25           25              4
  Physicians (%)                                                                                                                                                                               24                 41             21           10              3
  "If I had the money at my disposal and I could either pay ipilimumab or use it for other purposes, then I would rather spend the money in order to afford me something." (q. 23)                                                                   
  Melanoma patients (%)                                                                                                                                                                        10                 14             34           31              10
  Healthy respondents (%)                                                                                                                                                                       3                 14             14           38              31
  Physicians (%)                                                                                                                                                                                3                 23             13           37              23

Numbers were rounded; it may occur that the sum of the numbers in the table may not exactly add up to 100%.

10.1371/journal.pone.0111237.t004

###### Association of willingness to accept side effects for life prolongation (q. 21).
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  Willingness to accept side effects for life prolongation is associated with                                                                                                                                                       Willingness to accept side effects for life prolongation is not associated with
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------
  **Age** (the older the more acceptance of side effects; Spearman correlation coefficient  = 0.17, but among patients the older the patient the less the acceptance of side effects; Spearman correlation coefficient  = −0.29)                            **Employment** (p-value = 0.28)
  **Belief** (the stronger the belief the more acceptance of side effects; Spearman correlation coefficient  = 0.32, p-value = 0.00)                                                                                                                  **Presence of metastases** (p-value = 0.18)
  **Education** (the higher the education the less the acceptance of side effects; Spearman correlation coefficient  = −0.27)                                                                                                                            **Having children** (p-value = 0.34)

However, the decision on the tumor therapy with a 1% chance of a benefit healthy respondents and physicians made for themselves was different from their therapy recommendation to patients. Whereas 10% of the healthy people agreed with this intensive therapy for themselves (q. 13), they would recommend ipilimumab to patients in 21% (q. 26). In the case of the physicians it was the other way round. They were less likely to recommend this intensive therapy to patients than to accept it for themselves (3% vs. 7%; [Table 3](#pone-0111237-t003){ref-type="table"}). Interestingly, 67% of physicians would not recommend ipilimumab over the standard chemotherapy dacarbazine despite ipilimumab\'s survival gain ([Table 3](#pone-0111237-t003){ref-type="table"}, q. 35). The preference to treat with ipilimumab instead of dacarbazine was correlated with the number of cancer patients treated per year (Spearman correlation coefficient  = 0.18). However, the specific work experience with cancer patients expressed in years of practice was inversely correlated with preference of ipilimumab over chemotherapy, because of the potential survival gain (Spearman correlation coefficient  = −0.31, q. 35). Physicians were more likely (77%) to treat younger patients with ipilimumab ([Table 3](#pone-0111237-t003){ref-type="table"}, q. 39) and this attitude was associated with belief (Spearman correlation coefficient  = −0.19; [Table 5](#pone-0111237-t005){ref-type="table"}). Healthy respondents on the other hand were much more willing to prescribe ipilimumab than physicians with 29% agreeing to always apply ipilimumab if there was no contraindication compared to 14% of physicians ([Table 3](#pone-0111237-t003){ref-type="table"}, q. 28).

10.1371/journal.pone.0111237.t005

###### Influencing factors on willingness to preferably treat younger patients with ipilimumab (q. 39).
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  Willingness to preferably treat younger patients with ipilimumab is associated with                                             Willingness to preferably treat younger patients with ipilimumab is not associated with
  ------------------------------------------------------------------------------------------------------------------------------ -----------------------------------------------------------------------------------------
  **Belief** (the stronger the belief the less preferably younger patients treated; Spearman correlation coefficient  = −0.19)                      **Age** (Spearman correlation coefficient  = −0.01)
                                                                                                                                                                **Gender** (p-value = 0.17)

Early palliative care {#s3b}
---------------------

About one third of the patients rejected the idea of early palliative care, whereas the healthy respondents rejected it in only 14% ([Figure 1C](#pone-0111237-g001){ref-type="fig"}, q. 16). While 76% and 60% of healthy respondents and physicians, respectively, agree to early palliative care themselves, they would recommend it to patients in 83% and 80%, respectively (q. 36). Furthermore, there was a correlation between patients\' preference for early palliative care and estimated life expectancy (Spearman correlation coefficient  = 0.21), i.e. the longer patients expected to live the more likely they were to accept early palliative care. Furthermore, believers were more prepared than non-believers to accept side effects for a longer survival. The physicians again were the most reluctant.

Value of therapy {#s3c}
----------------

To determine the value of ipilimumab with a two months survival prolongation but side effects, different amounts of cash were offered and choices had to be made between paying for the therapy and receiving the amount in cash (q. 10--12). Melanoma patients are by far the most willing to prefer ipilimumab over cash with 71% preferring therapy instead of money as opposed to 34% of healthy controls and 42% of physicians, respectively ([Figure 2A](#pone-0111237-g002){ref-type="fig"}). The higher the sum offered, the more healthy people decided to take the money in cash. In contrast, for the physicians the amount of money did not make a large difference. But about two thirds of the patients preferred the therapy instead of the money for any sum (€10'000, €50'000 and €100'000) opposed to only 28% of healthy respondents and 43% of physicians who preferred ipilimumab over €100'000. Interestingly, this higher preference of ipilimumab was the same when receiving the money (q. 10--12) or when asked to spend their own money ([Table 3](#pone-0111237-t003){ref-type="table"}, q. 23). While 60% of physicians and 69% of healthy respondents wanted to use their own money for other purposes this was the case in only 41% of melanoma patients (q. 23).

![Valuation of different therapies and other health interventions. (A) Money allocation towards ipilimumab vs. being paid out in cash.\
Preference of allocation of €10.000, €50.000 and €100.000, respectively, towards ipilimumab vs. being paid out in cash, among melanoma patients, healthy respondents and physicians. Melanoma patients preferred therapy to cash significantly more frequently than healthy respondents or physicians, respectively. **(B)** **Investment of €1.2 Mio of the health fund.** Preference to invest €1.2 million for palliative care to help 245 melanoma patients vs. paying ipilimumab for 10 patients, with on average two months survival gain. **(C) Spending preferences for prevention or therapies.** Spending preference of €100.000 for ipilimumab, palliative care, skin screening or primary prevention in melanoma patients, healthy respondents and physicians. Physicians more frequently opt for spending on palliative care than other groups and prefer primary prevention efforts to screening.](pone.0111237.g002){#pone-0111237-g002}

Societal spending preferences {#s3d}
-----------------------------

Patients\' decision making however differed when asked to spend money of the health fund for the sake of society as opposed to use the money for themselves. Confronted with social responsibility they chose in 79% to invest €1.2 million for palliative care and therefore help 245 melanoma patients, instead of paying ipilimumab for 10 patients, who would live on average two months longer ([Figure 2B](#pone-0111237-g002){ref-type="fig"}; q. 8). In this political context, in the other groups even fewer respondents favored ipilimumab (7%) while 93% chose to invest the money in palliative care. When allocating the money within society towards primary prevention, skin screening, treatment with ipilimumab or palliative care (q. 9) compared to the other groups physicians are the most willing to invest in palliative care (21%) and the least likely to spend money for screening (10%) whereas they clearly favor spending on primary prevention (66%; [Figure 2C](#pone-0111237-g002){ref-type="fig"}). In patients and healthy respondents there was an equal and high willingness to invest in screening and primary prevention, whereas the financing of ipilimumab or palliative care were mostly rejected with only 4% and 0% allocating money to ipilimumab and 4% and 3% allocating money to palliative care, respectively ([Figure 2C](#pone-0111237-g002){ref-type="fig"}).

Since the financial cost was a main concern for the prescription of ipilimumab, the respondents had to indicate if they were prepared to apply ipilimumab more often if it were cheaper. About one quarter of healthy respondents and physicians would apply ipilimumab more often if it were cheaper ([Table 3](#pone-0111237-t003){ref-type="table"}, q. 33). For consultants the prescription was more affected if lowering the price than for residents (Spearman correlation coefficient  = 0.13).

The willingness to prescribe ipilimumab if it were cheaper was inversely correlated with physician\'s years of experience in treating cancer patients (Spearman correlation coefficient  = −0.21), but not with the number of cancer patients treated per year (Spearman correlation coefficient  = −0.09). In view of the high cost burden that ipilimumab imposes, we asked if the prescription of ipilimumab should be restricted to save money for research or experimental therapies. While 43% of physicians were opposed to the restriction of ipilimumab this was only the case in 17% of healthy respondents. On the other hand 45% of the healthy respondents and 47% of the physicians were prepared to restrict use of ipilimumab and allocate the money to research ([Figure 3A](#pone-0111237-g003){ref-type="fig"}; q. 31). Healthy respondents and physicians are more prepared to restrict the use of ipilimumab for primary prevention than for research with 62% and 60% ([Figure 3B](#pone-0111237-g003){ref-type="fig"}; q. 32). The preference to save money for prevention programs or for research and experimental therapies instead of spending it on ipilimumab, was not associated with having children (p-value = 0.15; p-value = 0.73). There were no gender differences concerning the spending for prevention (p-value = 0.95) and research (p-value = 0.76). Consultants would rather save money for spending on research than residents (Spearman correlation coefficient  = 0.18). Furthermore, there was a negative correlation with the number of cancer patients treated per year (Spearman correlation coefficient  = −0.15) and the experience with cancer patients in years (Spearman correlation coefficient  = −0.12) i.e. the more experience the physician had in treating cancer patients the less likely they were to allocate the money to research.

![Restriction of ipilimumab for spending on other health interventions.\
(A) Restriction of ipilimumab to save money for research. Physicians are more frequently opposed to ration the drug than healthy respondents. (B) Restriction of ipilimumab to save money for prevention. Physicians are more frequently opposed to ration the drug than healthy respondents.](pone.0111237.g003){#pone-0111237-g003}

Consultants would rather not limit spending on treatment in order to spend more for prevention (Spearman correlation coefficient  = −0.12). There was also a negative correlation with the number of cancer patients (Spearman correlation coefficient  = −0.17), and with the experience with cancer patients (Spearman correlation coefficient  = −0.09).

Decision-making on the type of therapy {#s3e}
--------------------------------------

The influencing factors on the patient\'s decision were assessed. Two thirds of physicians (63%) and patients (66%), respectively, thought that as a patient their physician\'s advice was decisive in therapy decisions, while less than one third of healthy respondents (28%) agreed (q. 14). Half of the physicians (47%) and patients (48%) agreed that as a patient their family\'s advice on therapy decisions was decisive, while healthy respondents\' opinions were split (38% agree and 38% disagree; q. 15). Most healthy respondents (41%) believed that physicians considered family advice as decisive in therapy decisions, while physicians disagreed (47%; q. 37). Physicians more frequently (77%) believed that their advice on therapy decisions was decisive than healthy respondents (45%; q. 38).

Discussion {#s4}
==========

This is the first study on attitudes of melanoma patients, healthy respondents and physicians towards a new therapy option with marginal benefit, ipilimumab, in comparison to standard chemotherapy or palliative care. The purpose of this survey was to examine how the low response rates and frequent side effects as well as the costs of the new therapy are perceived by the different groups and how their perspectives differ. The valuation of therapies with marginal benefit is a difficult task in the individual setting as well as within society. This study confirmed that there are huge differences in therapy preferences of melanoma patients, healthy individuals and physicians. In general, the patient group strived for a longer life regardless of side effects and response rates, whereas physicians were reluctant towards side effects and therapy options with marginal benefit. Healthy respondents took a position between these extremes. Furthermore, the majority of patients preferred treatment as opposed to any amount of money in cash in spite of the merely marginal benefits. In contrast to that both, physicians and healthy respondents much more frequently preferred the cash than the costly treatment.

These findings could enrich the debate within society on therapies with marginal benefit as well as inform physicians on therapy preferences of patients which could enable better advice on the choice of therapy.

Relevance of side effects {#s4a}
-------------------------

In our study older patients were less prepared than younger patients to undergo treatment regardless of side effects for a longer survival. Similarly, Stiggelbout et al. found that older patients preferred a better quality of life over means to live longer [@pone.0111237-Stiggelbout1]. We found that having children was not associated with the preparedness to undergo therapy allowing for a longer survival regardless of side effects. However, Stiggelbout et al. had shown that Dutch cancer patients with children were more likely to pursue prolongation of life tolerating a lower quality of life [@pone.0111237-Stiggelbout1]. These differences may be explained by the different study samples. Kuchuk et al. showed that breast cancer patients would risk a 38% chance of being dead to avoid having severe side effects like grade III/IV nausea/vomiting [@pone.0111237-Kuchuk1]. In our study fewer patients were reluctant to accept side effects (28%) while 38% of patients were prepared to accept them for a longer survival. These different findings may be explained by the fact that in our study these side effects were the price for a longer survival, and thus our patients\' acceptance might be higher due to the promising survival gain. Yet, even for one week of additional life time about one fifth of melanoma patients and healthy respondents would accept the side effects of ipilimumab. Understandably, in Sun\'s study the most preferred health states included few or no side effects [@pone.0111237-Sun1]. Nevertheless, our study shows that one third of patients and about a quarter of healthy people would rather live one month longer accepting multiple side effects than living 3 months free of symptoms supported by palliative care. In conclusion, it can be assumed that side effects do not matter as much as survival to patients. The will for survival seems to be stronger than for quality of life especially at the end of life. Similarly, Kuchuk et al. came to the conclusion that survival outweighed slowing cancer growth and maintaining quality of life across cancer stages [@pone.0111237-Kuchuk1]. We also tested how long the survival gain had to be to justify more severe side effects in return for a longer survival. For a survival gain of 8 weeks almost half of the patients accepted severe side effects, and for a one week survival gain still one fifth of the patients were prepared to do so. However, lung cancer patients who had not yet experienced severe symptoms were found to prefer a reduced risk of side effects over longer progression-free survival (PFS) [@pone.0111237-Bridges1]. A study in advanced ovarian cancer showed that if the therapy was equally effective, patients were willing to pay for avoiding side effects, as they chose a more expensive drug with a better adverse event profile accepting co-payments [@pone.0111237-Dranitsaris1]. New complementary approaches in melanoma include adjuvant drugs like melatonin [@pone.0111237-Slominski1] or vitamin D [@pone.0111237-Slominski2] since it could play a role in melanoma progression [@pone.0111237-Broyna1], [@pone.0111237-Broyna2] and -as investigated in *in vitro* models- inhibitors of melanogenesis [@pone.0111237-Brozyna1], [@pone.0111237-Slominski3].

Choices in the face of low response rates {#s4b}
-----------------------------------------

The choices made in situations of low response rates are difficult to make and to advise on. Risk-taking preferences could bias the advice physicians give. When asked about the willingness to undergo a therapy with side effects for a 1% chance of a longer survival, patients agreed in 24%, healthy controls in 10% and physicians in 7%, which shows that there were still a substantial number of patients who would take even this very small chance. Similarly, Slevin et al. had examined if patients and physicians would accept an aggressive therapy for 1% chance of cure. Here, 53% of the patients, 13.5% of cancer nurses, 12.5% of the general practitioners, 20% of the oncologists, and 19% of the control group agreed [@pone.0111237-Slevin1]. Thus, potentially people are more prepared to accept a therapy with side effects if there is a minimal chance for cure than only for a longer survival and health care providers are less prepared to take this chance than patients. This is in line with the findings from a study investigated whether patients would rather make a "safe bet" or "hopeful gambles" concerning life prolonging therapies in patients with melanoma, breast cancer or other solid tumors. Here two therapy options were offered, one promising a certain number of months additional survival, the other promising a chance of a much longer survival, but also the chance of no additional survival at all. Given these options 77% of the cancer patients preferred the "hopeful gambles" even if the average survival of the two therapy options was equal. Among the melanoma patients 71% would even reject the on average more favorable chance of living two years for sure for a 20% chance of at least four and a half year survival [@pone.0111237-Lakdawalla1]. In contrast, Jenkins et al. found that if only two out of five patients benefit from a drug costing £4'000 a month only 15% of cancer patients were willing to pay for such an unsure treatment, whereas healthy comparators were willing to pay in 20% of cases [@pone.0111237-Jenkins1].

In our study the acceptance of a therapy with 1% chance of a longer survival was correlated with belief. Similarly, positive religious coping was associated with higher rates of intensive care aspiring life-prolongation near death in advanced cancer patients [@pone.0111237-Maciejewski1]. Patients answered in a survey that if they were critically injured they believed that God could still heal them even though the physicians told them there was no cure [@pone.0111237-Phelps1]. Moreover, a belief in a higher power in cancer patients was associated with higher requirements of cardiopulmonary resuscitation, mechanical ventilation, and hospitalization [@pone.0111237-Phelps1]. Similarly, patients whose spiritual needs were not satisfied by the clinical team more frequently died in an intensive care unit as opposed to staying in a hospice compared to those patients whose requirements were fulfilled [@pone.0111237-Balboni1]. Thus, end-of-life costs tended to be higher for religious patients whose spiritual needs were not met [@pone.0111237-Balboni1].

What is the price a patient would be willing to pay for a longer life? {#s4c}
----------------------------------------------------------------------

When given the choice for money (€10'000-€100'000 in cash) vs. therapy patients preferred the therapy in 76% to 68% of cases depending on the amount.

The economically most responsible decision to minimize years lost due to melanoma in a population cannot be applied when deciding for or as an individual patient. Not surprisingly, when faced with the decision two thirds of the patients were willing to spend up to €100'000 for ipilimumab. In line with our findings, a large US study with 150 cancer patient showed that 25% of melanoma patients were willing to pay at least €32'865 (\$45'000) for a gamble choosing a therapy with a chance of a longer survival, but possibly resulting in no additional survival at all [@pone.0111237-Lakdawalla1]. Patients would even be willing to pay €39'703 (\$54'362) for an uncertain chance of longer survival and €26'515 (\$36'305) for an additional year of survival [@pone.0111237-Lakdawalla1]. In a European study involving patients, care givers and the general public 40% of participants were prepared to pay even up to €200'000 or more for an additional year of life [@pone.0111237-RamersVerhoeven1]. In the USA, only 24% of people were willing to pay €146'068 (\$200'000) plus for an extra year of life [@pone.0111237-RamersVerhoeven1]. Similarly, Jenkins et al. found that patients would be willing to pay for expensive anti-cancer drugs €4'860 (£4'000) per month from personal funds (20%), they would even re-mortgage their house (22%) or ask family and friends for money (9%) [@pone.0111237-Jenkins1]. In contrast to our findings here, participants from the general public were even more willing to pay for the drug with 31% using personal funds, 30% re-mortgaging their house and 15% asking family and friends [@pone.0111237-Jenkins1]. Another study had found that 51% of members of the public would be willing to pay for expensive drugs if they could prolong survival by 4--6 months [@pone.0111237-Jenkins1]. Likewise, patients in our study preferred ipilimumab even if they could have used the cash for other purposes.

Is the price of a therapy relevant to the physician? {#s4d}
----------------------------------------------------

In our study, 23% of the physicians would recommend ipilimumab more often if it were cheaper. This shows the relevance of cost for therapy recommendations among physicians. The consultants were even more cost-aware than the younger residents. The more cancer patients a physician treated per year the less prescription practices depend on the price. Interestingly, a survey of Massachusetts oncologists found that 88% of oncologists thought that therapy cost should not influence their treatment decisions. However, most oncologists thought that a survival of 2--4 additional months was justifying a hypothetical incremental treatment expense of €51'124 (\$70'000) [@pone.0111237-Schickedanz1]. This can be calculated into a cost-effectiveness threshold of €219'102 (\$300'000) per quality adjusted life year (QALY) for the hypothetical therapy in the study [@pone.0111237-Schickedanz1]. For bevacizumab, the same threshold was calculated which is higher than the commonly cited standard of €36'517 (\$50'000) per QALY. Again 78% of oncologists stated that cancer patients should not be deprived by "effective" care due to cost issues [@pone.0111237-Nadler1]. Nevertheless, in our study the physicians were the most reluctant to spend money on ipilimumab for themselves and preferred to take up to €100'000 in cash instead of the chance for a two months longer survival.

Does patient age influence therapy recommendation? {#s4e}
--------------------------------------------------

Most physicians would rather treat younger patients with ipilimumab than elder patients. Similarly, physicians were found to be reluctant to suggest chemotherapy to older breast cancer patients [@pone.0111237-Leonard1] since older patients more often have comorbidities, rendering them unfit for chemotherapy. In immunotherapy occurrence of side effects much less depends on age or comorbidities. However, in a study by Foster et al. physicians favored younger patients for intensive therapies even if all other characteristics and comorbidities of the cancer patient were identical [@pone.0111237-Foster1]. In the study by Leonard et al. life expectancy of the patient determined the patient\'s suitability for a cytotoxic therapy in 90% of cases that [@pone.0111237-Leonard1]. This is in contrast to our findings where patients with a shorter life-expectancy were less prepared to sacrifice life time for quality of life.

Societal responsibility {#s4f}
-----------------------

When given the responsibility for money of the health fund to invest it for the sake of society compared to use the money for themselves 79% of the patients and 93% of healthy respondents and physicians, respectively, decided to rather invest €1.2 million for palliative care providing care for 245 melanoma patients, instead of funding ipilimumab for 10 patients, with an average survival gain of 2 months. Faced with the spending options primary prevention, skin screening, treatment with ipilimumab or palliative care, patients, healthy respondents and physicians alike were unwilling to invest in ipilimumab with 4%, 0% and 3%, respectively. In contrast to our findings, in a study from Britain, where costly cancer drugs are not always covered by the health fund 49% of cancer patients and 36% of the general public thought that the National Health Service (NHS) should always pay for all new cancer drugs available [@pone.0111237-Jenkins1]. A different study showed that about two thirds of patients and care-givers, and half of the public thought that in their country too little money has been spent on fighting cancer [@pone.0111237-RamersVerhoeven1].

Decision-making on the type of therapy {#s4g}
--------------------------------------

When asked about therapy decisions two thirds of physicians (63%) and patients (66%), yet only 28% of healthy respondents thought their physician\'s advice was decisive in therapy decisions, whereas a questionnaire-based study showed that 78% of respondents wanted patients and families to decide on therapy options and only 41% thought that these decisions should be made along with physicians [@pone.0111237-RamersVerhoeven1]. Physicians in our study were reluctant to treat patients with ipilimumab instead of chemotherapy even if a potential survival gain was lost. However, consultants were more likely to prefer ipilimumab than residents. The more cancer patients a physician treated per year the more he was likely to prefer ipilimumab over DTIC, yet the longer the physician had treated cancer patients the more likely he was to stick to DTIC. Likewise, Schildmann et al. discovered that physicians were influenced by various nonmedical factors including clinical experience [@pone.0111237-Schildmann1].

Conclusions {#s5}
===========

This study shows that physicians have a considerably more reserved attitude towards therapies with marginal benefits than their patients or healthy respondents. Being aware of these different valuations of quality and length of life could lead to a better understanding of the patients\' needs and thus improve educating patients about therapy options and advising them on therapy decisions. In the societal context all groups were more critical to spending on therapies with marginal benefit. Larger studies on this topic are needed to further inform the discussion.
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